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Abstract

The main task of the dissertation work is the development of imitation models of
constant current electric locomotive gear having the individual electrostatic rheostat
contractors with allowance of peculiarities of gradual starting of rheostats of electric
locomotives produced by Thilisi Electric Locomotive Building Plant.

In the present work the circuits of starting rheostats are brought in the form of
virtual models of MATLAB of reproduced sizes of all steps of the rheostat and current
magnitude in each sections during of all starting steps. And having the data on the
number of parallel elements in sections it is easy to define the magnitude of currents
in them.

Regulation of speed of motion on the locomotives of the series 4E1 and 4E10?
is realized in the same manner as on all electric locomotives of constant current, i.e.
by means of changing of stress rate on the clamps of tracking engines and magnetic
flux in their excitation coils, and for starting most of all it is used non-automatic
stepped rheostat startup.

Function of the rheostat setup is to support the starting current and starting
driving force in the process of electric movable locomative till its withdrawal onto the
motion step of the speed characteristics of driving engines. The starting driving forces
and the current are defined by the terms of wheel-rail adhesion specified by speeding
up (acceleration) and method of rheostat start. For long driving as a current there are
used the running (automatic) characteristics obtained by various contacts of driving
engines and various coefficients of regulation of excitation. These characteristics are
called as well the economical ones in comparison to characteristics of rheostat start.

For checking the compliance of electromagnetic processes running on a real
electric locomotive, with the similar processes running in computer model of power
chain of a locomotive, the calculations have been fulfilled by means of using of real
schedules of withdrawal of the positions. Type of real electromagnetic processes
coincides with the processes obtained during the modeling. The current, velocity
characteristics obtained by means of the simulation models, method of approximation
coincide with those of factory ones. These witness to the adequacy of developed
models. Practically the complete similarity is observed in the moment of breakaway
(starting) and during the transit from S onto P. On the dependencies, received by
means of models it is shown that the current steps (jumps of currents) on the rheostat
positions are conditioned by the imperfection of arrangement of the starting rheostat.
That is why a new starting rheostat has been developed.

A new arrangement envisages reducing of number of rheostat elements, as well
a dense charging of each element.

The correctly designed starting rheostat of the electric drive in temperature
relation creates the best technological conditions in terms of productivity quality and
makes it easy, simple and reliable to control the mechanism. There is available as well
a number of conditions — minimal loss of energy , cheapness, compactness, etc. but
the main indicator of quality is still provision with impossibility of overheating.

While comparing the results of temperature calculations performed for available
and new circuits of arrangement of starting rheostat on heating the starting resistors, it
is possible to make the following conclusions: the values of the temperatures in the
second case practically are everywhere considerably lowered, charging of elements by
new circuit has become more uniform.

Vi



A general structure of the model of starting rheostat, a scheme of the model of
driving engine of constant current with the serrial excitation on the basis of voltage
source (appeared in the model of starting rheostat) has been been developed. 4E1
4E10%- the models of starting rheostats of the locomotive.

The carried out investigations have allowed us: to establish that the scattering of
heating temperature of sections of the starting rheostat (SR) has reduced and the
maximal heating temperature has been reduced in comparison to the available SR; to
identify the admitted range of scattering of actuation times of electro pneumatic
contactors; A model of driving engine TJI-2K has been created which reflects not
only the established processes but the transient ones as well; A bundled software has
been developed for observation of electromagnetic processes in the force chain of
constant current eight-wheel locomotive 4E1.

The following conclusions can be done on carried out works:

e A mathematical model of constant current driving locomotive 4E1 has been
developed allowing to imitate the withdrawal of starting resistors;

e On the basis of relative heating calculation it is established that the new version
of arrangement of starting rheostat provides with great uniformity of heating
temperature of sections in comparison to those of existing ones and lowering of
maximal heating temperature;

e A model of a power circuit has been developed with allowance of scattering of
actuation time of electro pneumatic contacts, a statistical modeling of this
parameter is performed, the characteristics of random magnitudes of currents
and voltages and their durations have been defined.

vii
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o003 35900l 99996M30L  LodEzo®ol  Jgdmbggzsdo  Lbgmerols
3ob"MHgd0l OO 4963390 ©IBoL 306HMdJdT0 4503wl 03539 oboom,
053658 OO ©5MYbMdOL 359M0m obmMgdol dMMEOBY Foms, sdoEH™I
3M98303096¢0 Kq, OHmdgwos 0035¢0obfiobgdl  aobwémgdol T  Mmol
dm3035L  (33Q0gdsL,  godMgz0l 3590l MomEbmdol 9306900l
306md90do, «bs ogmb 1-Bg dg@o.

gbMoo 2.1. 4E10%-0b sdgzMols s 5ds6900L M™L ©gbgdols 4s6sfogds
9BobGHMOms LgdEool 9egdgbEgdol dobgzom

c R1 R2 R3 R4 R5 R6 R7 R8 R9 R10
o L 3.15 2.1 1.4 1.05 0.467 | 2.8 2.1 1.4 1.05 0.467
; g ad ™ad ™d ™ad ™mad ™mad ™ad ™ad ma ™ad
,% 'é 3x9 4x8 6x8 Tx7 9x4 3x8 4x8 6x8 Tx7 9x4

€ ©969%0 3o¢3979¢ 9egdgbBHd8o mommgmo Lgjzool dobgogom
1 180.5 | 60.2 45.1 30.1 25.8 20.1 60.2 45.1 30.1 25.8 20.1
2 223 | ------ 55.6 37.2 31.9 24.8 74.3 55.6 37.2 31.9 24.8
3 2821 | ------ 70.5 47 40.3 31.3 | ------ 70.5 47 40.3 31.3
4 336.3 | 44.8 50.4 56 48 37.4 48.4 48.1 56 48 37.4
5 351.4 | —---—- | ---—-- 58.6 50.2 39 50.2 50.2 58.6 50.2 39
6 460.2 | ------ | ===--- 76.7 65.7 51.1 | - | ————-- 76.7 65.7 51.1
7 490 34.4 38.7 38.7 70 544 | - | eeeee- 81.7 70 54.4
8 490 34.4 38.7 38.7 70 54.4 36.3 40.8 36.3 70 54.4
9 490 70 54.4 36.3 40.8 36.3 70 54.4
10 490 70 54.4 70 54.4
11 490 22.3 22.3 22.3 28.6 54.4 70 54.4
12 490 22.3 22.3 22.3 28.6 54.4 23.3 23.3 23.3 26.7 54.4
13 490 54.4 23.3 23.3 23.3 26.7 54.4
14 490 54.4 54.4
15 490 9.3 15.7 14 18 21 54.4
16 490 9.3 15.7 14 18 21 3.3 16.4 14.6 18.8 195
17 490 3.3 16.4 14.6 18.8 195
18 490
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19 | 490 65 73.1 81.2 69.6 51.4 70.4 70.4 82.1 70.4 54.7
20 | 480 | ----- | --e-- 78.9 67.6 52.6 58 58.1 67.7 58 45
21 | 480 | ------ | -eeee- 81.7 70 544 | ----- | e 81.7 70 54.4
22 | 480 32.6 36.6 36.6 66.3 516 | ------ | - 69.3 59.4 46.2
23 | 480 17.2 22.2 25.9 70.2 54.6 18.1 23.2 24.3 69.8 54.3
24 | 480 28.4 32 32 57.9 45 82.1 63.8
25 | 480 70 54.4 70 54.4
26 | 480 81.3 63.2 19.6 19.6 19.6 224 45.7
27 | 480 22.2 22.2 22.2 285 54.2 23.4 234 23.4 26.8 54.6
28 | 480 15.5 15.5 15.5 19.9 37.9 70.9
29 | 480 54.4 54.4
30 | 480 34.4 17.2 17.2 17.2 19.6 34.4
31 | 480 11.2 12.6 12.6 144 25.2 13.1 12.6 12.6 144 25.2
32 | 480
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6sb.2.3 59 0563980UA3GB0M98s9cm0 s6Gob ©96980 g39¢»s 10 bggzosdo
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300 2.2. gbgdols gsbsfioemgds MgBoLEGHMM™ms Bgdool gemgdgb@gdol

dobgz0m  gdudgModgbEowmo MGYMLESEOLIMZOL

R1 R2 R3 R4 R5 R6 R7
0788 |245 |245 |[1.05 |045 |0.394 |0.525
,_g) ™9 (oY) ®d 9 9 ®d ™9
g 8x6 [3x7 |3x7 |4x4 |7x3 |83 |8x4

z ;‘5 ©96900 339w 9wgdgbgddo mommyawo Lgjgool
igJ \% dobggzom

1 185 231 [61.6 [616 |462 [264 [231 231
2 185 231 |61.6 |61.6 |462 |264 [231 |[231
3 2496 [312 [832 [832 [624 [356 |[312 |[312
4 3522 |44 117, | [ 50.3 |44 44
5 4214 527 |140. |- |- 602 |527 |53

6 490 61.2 |37.7 377 |66 70 61.2 |61.2
7 490 | - 377 |37.7 |66 70 61.2 |61.2
8 490 | - 377 |37.7 |66 70 61.2 |61.2
9 490 | - 37.7 |377 |66 70 61.2 |61.2
10 490 |- | [ [ 70 61.2 |61.2
11 | 490 SR [ 61.2 |61.2
12 | 490 612 | 612
13 [490 |- e [ - 61.2
14 490 |- [ - 61.2
15 [490 |- [ 234 |234 347
16 |49 |- [ 234 |234 347
17 490 |- | [ —
18 | 490

80



R8 R9 R10 | R11 R12 | R13 R14
S 0788 |21 |21 |21 0.45 | 0394 |0.394
g md md md md md ™0 ™0
2
°'. g) 8x6 3x6 |3x6 | 3x6 7x3 | 8x3 8x3
£€ | & ©96920 39379 993363380 MoMMIYo Lgjgool
~ € dobggom
1 185 23.1 61.6 | 616 | 61.6 264 | 231 23.1
2 185 23.1 61.6 | 61.6 | 61.6 264 | 231 23.1
3 2496 |31.2 832 | —— |~ 356 |31.2 31.2
4 3522 |44 117, | - | -=---- 50.3 |44 44
5 421.4 | 52.7 46.8 | 46.8 | 46.8 60.2 | 52.7 52.7
6 490 61.2 544 | 544 | 544 70 61.2 61.2
7 490 61.2 544 | 544 | 544 70 61.2 61.2
8 490 | - 544 | 544 | 544 70 61.2 61.2
9 490 | -mem | e | e [ e 70 61.2 61.2
10 490 | [ [ [ 70  [612 |612
11 | 490 - 70 |61.2 [612
12 | 490 - - 612 |612
13 | 490 - 612 | 612
14 | 490 - - 61.2
15 | 490 - 61.2
16 | 490 213 212 |212
17 490 | [ [ 213 [212 |212
18 490

sb®oero 2.3. 99b39k%0dgbdeaero 358830 Ggmlbihsdol dgbsdergdernmdsors

M9DoLEGHMO™MS A B M |G D E N Z H K
159430900

Bm8obscrm®o 21 |28 |21 |105|14 |105 |21 |0467 |14 |0.467
Pobommds

Xd080%0

RN OM U Iry [ORS)
8900090
993z
5096M0ds

X380
908@93MMB0MS©
8990mgdM
99896,
(50©9bMds

9w9dgbms Gogbgo |32 (24 (32 (36 |48 |49 32 36
bgdz0sdo

9989609 Lsgonm 373
50960
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w‘lg

1 2 3
e
5 6 7
e T
10 11 12
N R N i R
14 15 16
A g

-

bsb. 2.5 g94b396%0dgbdeicmo 358830 GgmbdsBob bgdeosos 35658905980

ab®oendo 2.4. mobeymdosbo gerdsgerols 99b396%0dgbdrycmo Ggelbdsdol
3500830 32b0ogog8ol GyboldMGms booggdo s 3026(9s79Hm G980l

B36030L 025658000093(285
3m%. | Loggb. dmM0y 3mBogosby 30B03090DYg gergdgb@gdol
Ne fobsmm | BsGoveo 3mb@sgd@mMgdo 3990090900
(o}
1 14934 |2,4,7,9,8,13,16,17,19 A+B+M+G+D+E+N+Z+H+K
2 11,784 2,4,7,9,10, 13,16,17,19 A+B+D+G+N+Z+K+H
3 9,984 3,45,912,13,14,17,18 A+G+D+Z+N+H+K
4 7,884 2,59,12,13,14,17,18 G+D+Z+N+H+K
5 6,484 3,9,10, 13,14,17,18 G+N+Z+K+H
6 5,434 2,5,10,13,16, 17,18 N+Z+K+H
7 4,424 1,10,9,12,15,18 E+G+D+Z+K
8 3,461 1,8,10,5,4,6,11,13,7,12, 15,19 | (BIE)+(AIN)+(BIID1IZ)+H
9 2,8003 1,8,10,5,4,6,9,7,12,16, 18 (BIE)+(AIG)+(BIID)
10 | 2,0151 1,8,10,13,14,15,18 (BIE)+(N+H)+K
11 11,3519 2,45,10,14,7,12,16,18 (A+B) Il (H+K)
12 |1,0832 2,5,10,14,13,17,16,18 (N+2) I (H+K)
13 10,9652 1,8,9,13,12,14,15,17,1618 (M+G+D) Il (E+N+2Z) 1| (H+K)
14 10,8369 2,59,11,10,14,17,16,18 (G+2) I (H+K)
15 | 0,5827 3,5,6,10,12,14,18,19 (AIB) I (G+D) I (N+Z) I H
16 | 0,3818 3,4,5,6,9,10,11,13,14, 15,19 AIGINIH
17 10,1868 3,6,7,11,12,15,16,18 BIDIZIIK
18 |0
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039O0 25MmmM3Egool 39ga900 Imyzsboos gbGo 2.5 s 2.6-do.

359930 M9gmbESGHO0L 1YJE0sms AobMMmIOOL 655303930 TJmyzsb0os bab. 2.6-

2.9.

ab®ogmo 2.5. 359030 obsmm8980b gsbeygdol
A993965 D0 s6Ugdryemo Ggeabdsdolsomz0ol

S5 3 t1°C  (xa R1) 2°C  (xa R2)
&€ O Nea-b |[b-c |c-d |d-e a-b | b-c |c-d |d-e
1 103 (0,7 |[1,0 [1,0 1,0 (1,8 |1,8 |1,8
2 109 (24 |38 |38 36 168 (35 |15
3 |14 |35 [55 |55 9,6 (17,034 |34
4 |14 |35 |54 |54 13,323,734 |34
5 |14 |35 |54 |54 13,2 123534 |34
6 |1,3 |34 |185|185 |13,1]23,3|34 |34
7 132 |82 [360|360 |14,2]253|50 |50
8 |61 (155475475 |16,6]295(95 |95
3 9 |83 |21,2|56,2|56,2 |20,6|36,6]|16,7|16,7
10199 |252 62,1 62,1 |24,3|43,2|23,4|23,4
11 1103|263 | 665|665 |25.4|45.2|28.5 285
121102 1262|694 |694 | 252|448 |30.4|37.1
13110.2 1260|699 |71.6 |25.0|44.6|30.2|44.1
14| 10.1 | 25.8 | 69.5 | 73.0 | 24.8 | 44.3 | 30.8 | 46.8
15| 10.1 | 25.7 | 70.7 | 73.5 | 24.7 | 43.9 | 29.8 | 48.0
16 | 10.0 | 25.5|71.2 | 73.4 | 245 |43.6 |30.7 | 48.4
17199 |[27.1|71.1|73.1 |24.4|43.3|30.7 | 484
18198 |27.6|70.7 727 |24.2|43.0|30.6 | 48.3
19198 |[27.7]703|722 |26.0|45.2|30.5|47.8
20(9.7 |275]1698|71.7 |26.3|45.0|30.3 |47.5
21| 11.1 295 |73.0|74.8 |28.2|48.3|33.6|51.0
22 111.831.3|79.4|81.2 |29.8|51.2|41.0|58.2
23| 11.7 | 31.1 | 86.0 | 87.8 | 29.6 | 50.8 | 48.8 | 65.8
241116 |30.9 887|983 |29.4|50.6|552|72.1
3 25| 11.5|30.6 | 88.1 |110.8|29.2|50.2|57.6 | 83.7
26| 11.4|30.4|87.4|120.0|29.0|49.8|59.4|93.3
27 | 11.4 | 30.2 | 86.8 | 126.8 | 28.8 | 49.5 | 60.5 | 100.0
28 | 11.3 | 30.0 | 86.2 | 131.8 | 28.6 | 49.2 | 60.1 | 108.5
29 | 11.1 | 29.7 | 96.1 | 136.3 | 28.2 | 48.4 | 62.0 | 116.8
30 11.1|36.8[97.9|136.6|28.0|48.1|635|117.8
31173416 97.8|135.3|27.653.4|635|117.1
32 118.1|41.7 1972|1344 |27.4|53.4|63.1|116.4
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3°C (% R3)

tusd

1us3,

S8 3
© & ©INejab |[bc |[c-d |[de [°C |o»
1 110 |1,8 |1,8 1,8 1,3 | 41,6
2 138 |67 |67 3,8 472 |43,1
3 196 [17,0|17,0 |9,6 8,3 |37,3
4 |185|32,8 (32,8 |18,5 |13,2]36,0
5 123,0|40,9 58,0 |32,6 |18,8]34,0
6 (228|40,6 72,1 |40,6 |252 37,0
7 23,8|42,4|73,7 |41,4 |31,4|63,0
8 |26,2|46,7 |74,5 |41,9 |36,8|55,0
3 9 |275)|48,8 739 |41,6 |415 48,0
101 28.7 |51.0|76.6 |43.1 |45.8|56.0
11129.3 1522|805 |453 |49.2|435
12129.1 |51.883.7 |47.1 |51.6]33.0
131289 |51.3|84.2 |[50.7 |53.1]|215
141 28.7 |51.1 | 849 [543 |539 195
151285 |50.7 |85.2 [559 [544|17.0
16 1283|1525 (849 [56.4 |547|155
17 128.1 | 525|845 |56.4 |64.7|11.0
18 130.9 1523 |84.0 [56.2 |545|6.4
191 32.7 152.083.4 |55.8 [543 |47
201529516 828 |555 [54.0]0.0
2113421539852 |56.8 |56.5 |59.1
221352578 |88.8 |58.8 |61.1]527
231349 |59.3(94.0 |61.7 |65.5 503
241347 (159.099.8 | 648 |69.8|44.2
3 25|34.4|586|1042|67.2 |739|38.7
26| 34.2 582 |105.5 |76.7 |77.7|36.2
27 |1 34.0|57.7 | 104.7 | 925 |81.1 |32.0
28 | 33.8|57.3|107.7 | 103.8 | 84.2 | 35.0
29 1333|61.3|111.4|115.2|89.1|355
30 [33.163.3|111.7 |116.8|90.4 | 28.7
31(39.7|63.6|1105|116.4|91.0 | 14.3
32|43.0|63.3|109.8|115.7 |90.6 | 0.0
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6b®ogro 2.6. 353030 obsmmB980l gsbigdol $gd396sHees
9763960dgbdsereytro 3sddgzo Ggealidsdolsomzol

o5 2 t1 °C (xaRI) t2 °C (x@a RI)
& € S |Ne|ab |bc |c-d |d-e |ab b-c |c-d d-e
1 114 (14 |22 (14 |23 1,5 |40 2,3
2 |49 |49 7,7 |49 |77 50 | 13,6 |77
3 197 (97 15397 |152 (9,7 |27,0 | 15,2
4 |15,7(15,7 (19,2 12,3 |19,2 | 15,7 | 43,7 | 24,6
5 1228(228(19,1 (12,2 (25,7 |229|52,1 |29,2
6 (31,3|31,3|189|12,1|31,3 |26,4|51,7 |368
7 (355355201 |13,2|395 |31,7 51,3 |43,1
8 [355355|20,7 13,8 |54,7 | 41,3 51,0 |42,7
9 |35,3(353|20,6|19,5|705 |51,4|50,7 |42,4
10| 35,1 | 35,1 | 20,5 | 30,5 | 87,3 | 62,1 | 50,3 | 42,2
11| 42,7 | 42,7 1 20,3 | 35,5 94,8 | 66,9 |49,9 |54,0
12 | 48,8 | 48,8 | 21,8 | 36,2 | 95,9 | 67,6 | 54,0 | 63,8
9 13 | 50,4 | 50,4 | 24,7 | 37,8 | 96,2 | 67,7 | 55,3 | 66,3
14| 51,1 | 51,1 | 29,2 | 40,7 | 95,5 | 67,3 | 54,8 | 70,6
15|50.7 | 50,7 | 33,4 | 43,2 | 94,8 | 66,8 | 54,5 | 74,5
16 | 50,4 | 52,0 | 36,1 | 44,8 | 94,2 | 68,7 | 57,8 | 77,0
17 | 50,1 | 52,7 | 37,6 | 45,5 | 93,5 | 69,4 | 60,8 | 78,4
18 | 51,8 | 53,5 37,9 | 45,6 | 92,8 |69,3|61,4 |79,8
19 | 51,1 | 53,7 | 38,2 | 46,0 | 92,2 |69,9 | 61,0 | 80,3
20 | 51,8 53,3 (38,3459 91,5 |70,0|60,6 |798
21 | 54,8 56,5 |42,5 48,7 98,8 |71,7]663 |831
22 (59,3 | 60,8 | 49,8 | 53,2 | 100,7 | 76,0 | 79,1 | 90,0
3 23 (60,9 | 65,0 | 56,5 | 57,3 | 102,7 | 79,6 | 90,0 | 95,8
24 1 60,5 | 68,8 | 62,8 | 61,2 | 103,8 | 82,5 | 98,9 | 100,4
251 60,1 71,8 67,8 |64,3|103,1 |83,9 |103,8|116,2
261623728 73,1 |67,5|108,2 | 86,7 | 103,2 | 126,9
27 1 62,9 | 90,0 | 75,7 | 69,1 | 111,2 | 89,6 | 106,6 | 128,5
28 | 62,4 |190,7 | 75,3 | 68,6 | 110,4 | 89,6 | 108,2 | 133,8
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t3°C (% R1)

tusd

1us3,

88 3
© € S |Nejab [bc |cd d-e |°C |

1 123 (23 |14 1,9 | 1,9 |523
2 |77 |77 |44 2,7 |61 |504
3 |10,7|10,7 | 4,3 2,7 110,8 | 48,8
4 |14,7 10,8 |9,7 6,3 |16,0|51,3
5 1229(11,0|21,0 |13,5]21,4 51,0
6 |325|11,2 34,1 |21,8|27,0|47,7
7 |37,0|11,2 48,6 |31,2|32,5|485
8 [36.8|11,1|63,8 |408|37,6|40,0
9 |36,5|11,1 70,6 |509 422|357
10| 37,7 11,8 | 71,4 | 56,7 | 46,4 | 38,8
11137,9 12,3 71,7 |57,3|50,6 | 30,5
12 137,7 | 17,5 | 76,8 | 60,6 | 54,6 | 49,5

9 13 37,4253 (84,2 |653|57,7|42,8
14| 37,2 | 30,8 | 89,3 | 68,4 | 60,2 | 34,5
15| 40,8 | 32,7 | 94,6 | 71,8 |62,2 | 29,5
16 | 42,7 | 33,5 97,9 |73,8|63,8|32,6
17 | 45,4 | 36,8 | 98,0 | 73,8 | 64,7 | 22,8
18 | 48,1 | 39,6 | 97,4 | 73,3 | 65,2 | 15,2
19 | 48,6 | 40,2 | 96,7 | 74,2 | 65,5 9,0
20 | 48,2 | 39,8 | 96,0 | 74,0 | 65,1 0,0
21 52,1 43,6 | 101,5 | 76,2 | 69,0 | 64,5
22 1 57,8 | 49,5 |107,0 | 79,7 | 74,2 | 59,5

3 23 160,2 | 51,8 | 116,3 | 85,5 | 79,1 | 55,2
24 159,8 (51,4 |128,3 | 93,1 | 83,6 | 50,8
25 (59,3 (53,7 | 134,8 | 97,2 | 87,8 | 44,3
26 | 67,7 | 62,5 | 135,5 | 97,6 | 91,8 | 40,3
27 | 79,4 | 74,2 | 134,6 | 96,8 | 95,2 | 34,7
28 | 83,5 83,3 | 133,6 | 96,2 | 97,9 | 28,5
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05%D9) 99300090 gdsdo.
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FES o 3 71 [homal | O | = & & == 3 7 Nomal
=
pram— Fromt = =] =
e = =
Canverpet o

pat p [} 51042
mt » -
ouz I —
BTN [ =
m2 T
Rty %
1 Connt s Fram @ -
Cannt - —1
K_2 T
Subsystem =
) 1
1 =)
DC woltage Source T
—1
—3
g
o
v
o

6sb.3.1. 3533980 0dohszosy®o dmgemo

dm3999wo 8mEgeo 139OIl A35dg3l A9B3LIBWIOM™, GMAME
03390056 25333900 ®9MbBGoGgOol  Lyd3098d0 ©Ibol 603369 MdgdO,
3MB6GSIGHMOD 5OBIOMNZ0L 56 Bs@BIbOL 3MmBoEosms dobgz0m. dm©gumsb
335000L MML 259350930 (5MPRIOMZ3500) 3mbEJEH™MMOL bmdg®mo dmdo-
30 Loool Lsboom Ima39hm©ads dewmzdo CONSTANT (bsb. 3.1). SUBSI-
STEM 1-%9 80000m90v)emos  30mbGoddmemo 20, Gmdgoi 96 80939036900
3999390 OHgmbEGHOGL 9699 3000bsMYMOL MgMLEIEHOL bM®TsermEo dwdsmdol
030306M905).  3bGHOJBH™MOOL  Ps®BIBOL  0doGHOMGIOL 993000 gdMIOLSL,
SUBSISTEM-%g bob. 3.1 9930090905 dm35b0bmom  49mdsmmago  30mb@s-
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JAHMOOL EOMGOIOMO 6 EH0MGdS. 5gdoLdogMo godsmmsmdol 0doGSE0S

3990m0bobgds  ©gbgd0L (3300 gd9gdd0  (bMMToEr®  AEYMIIMGMOIBMSD

3905M900m) ©5 M930LGHMOMEIdS ML MYMIx39dHg SCOPE, ®mdwmgdos

009996 Loabsegdoll MULTIMETER - ol 3¢rm3900q0sb.

Function Block Parameters: If
If Block

IF expression

Fiun the Action Subsystem connected to 13t output port
ELSEIF expreszion

Fiun the Action Subsystem connected to 2nd output port
ELSE

Fiun the Action Subsystem connected to last output port
END
The number of Elzeif output ports in the block iz equal to the
number of comma-separated Elzeil expressions entered in th

e dialog.

The If and Elzeif expressions can use these MATLAB operators:

4= ==, T, = b L 7L )L unane-minus
on the input port zignals named ul, u2, u3, etc.

Farameters

Mumber of inputs:

[1

If expression [e.g. ul ~= 0]

uT ==20

Elzeif expressions [comma-separated list, e.g. u2 ~= 0, u3(2] < u2):

Show else condition
Enable zero crossing detection

Sample time [-1 for inherited]:

[-1

21 Pusk8fSubsystem1/If Action Subsystem1 ™

Sile  Edit Wiew Simulation Format  Tools  Help

Apply

DSHES 3 sl i
Action Port
L] )
costd Outt

Azzignment

For vectar input type:
If initializing output [ using input (U7]:

Y[El=U2
If specifying required dimensions for output(Y):
Y[E] =11

For matrix input bype:
I initializing output [ using input [U1]:

r=U1
Y[R.C) =2

If specifying required dimengions for output [v):
Y[R.C)=U1

where

LI = firgt input port, U2 = second input port, E = elements, B = rows, and C =
columns and E, R, and C may be specified either in the block's dialog or through an
external input port. If E or B and C are specified in the block's dialog box, the
dimenzions of output [v] are determined by input (U]

Parameters
Input t_l,lpe:| I atris v|
Index model One-based v|

[[] Use index as starting value

Source of row indices [F|]:| Intermal v|

Fows [-1 for all rows]:
[ |

Source of column indices [E]:| External v|

Olutput Pf]:| Initialize using input [IU1] v|

Sample time -1 for inherited):

[ |

@_ Pusk8/Subsystem1/If Action Subsystem *

s

I = = T = » 7 [t
Action Port
ol » )
costd Cutt

6sb.3.2 3593980 8eaogemols §«9ds Rsbxsts
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File Edit View Simulation Format Toals Help
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]l ]l ]| 0 0] 0 !
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0bLG®MIGBGHMS 356gabg Lobsd ©o39FgM ooz  START-U, LoFo®Hms
R3bX M50 ©3599bmm FLsdsdolo MM, Fgbsdsdolbo dmbogool dodobs-
9m00bs. 3mdEg3bm 3mBoEool gsdmdyms3bgdol MMOL  sbaLsbBL3IMgwo
Ad9dB0 Hobslifot mbs 0gbgls Bosgdemo derm 3900l SHymdoLL.

3M6&59dBH™6MH9d0L 59mgdggdol ML 455Bbos 3609369 ™3560 2o5356¢3)-
@mds 0,5(0-s6 0,25(3-00g, Mog bdoMs 0f393L F0obommdsms sdoEgdom
239b"MHgdL S 3MB6EIJGHMOMS 3MIMES300L 2o9MglgdsL. bgds 3MbEsJEHm-
05 X3MBOL 49bMYGOS S bobsbsb obmdys 30.

Bsddmdols  ImEgdmee  bsfoewdo gl gdmeos  dsermgzsbo  Ldgdol
9d50d0L YoM gds 3MBEJEHMMYOOL BSOMZ0LS O TMOMZOL Mo
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OMMS  35035¢oLHobIdOm. SLgO Fodmmzegdol FgIRs© FobolsbEzG
©96900L5 @5 4933900l  Fgdmmbggz0mo  LOWOEIJOO s 93 LOWOEYMS
bsbaMd03md9d0. 530Bsm30L FglMMEs BIOMZOLS S ASTIMOMZOL OMMS
398356GMmdol  BESGHOLE03MNOO FMIoMgds 03 3sMvmEom, Gmd gL
MM9d0 456500 gdmEo 50056 omliol 30b6mboo.

SLBgmo  58m3560L  5TMBLEOLSL 30639  9Es3Dg TGO gdMwo  0gbs
99 069gds gargdBHMHm3b9g395GH6 30mb6ESIGHMOMS BsOM30Ls s FodMOMZ0L
©OMMs 89d0bg9g300m0 LoOEYIOOLIMZ0L [21], [22]. 5ToLOMZOL  oRsbE¥)-
@Md0L oL 9d0 O35BMBOL FobgL30m 950G 0dbs MMM Lodwoem X
96003690mds  @d  BOFMOEMIZIOMIGHVICNO oGS 5. 53  MHosbmdMog
doboliosmgdgems  BLoOYgdo, MMIWd03  TJgbodsdgdosh  Jgdmbggzom
LOO0Y90L F9B60LYBOZMYdMPBIE TgbodsdoBO FMEOIMEO:

£=05(x,+x,) (3.1)

1

S.=Z(xp—x5) (3.2)
Bd@oE, Xp @ %5 — 8gdmbgggomo LooYgdol YEowILo @s MBEOMmILO
960093690 ™d900s.

993 MoGHE0d0 B0MYdMWO, 3mbEodGHMMgdoL MI30MHgL s YOEIL
500gd899d0lb @OMMS x5, = 0,250fE, x; = 0,050 9609369¢md9d0L Bsldom
303000900 GHOELMOM0Z FobslinsmgdgEms d999y 36033b9crmdgdLs:

% =0,5(0,250 4+ 0,050) = 0,150f%
5. =2(0,250 — 0,050) = 0,033 fi¢
90090 Fobslosmgdgms dobgz0m 2969H0M9dME 0465 Moo d9dmbggzo-
00 MHob3900Ls, 29650 gdol ben®dsgrm@mo 356mbols Fobgz000 ©0s35HBMbIo
0,05(8-s6 0,25(0-0dg. dgLeMEgder odbs R; d9dmbggzomo Moibzgool
396965305 @5 B0 gobsfogds MsbsdsMIMdOL 3M0bE030m. 53 MoiEbzxdoL
3900596900009 250l 39bmbols Jobggzom gobsfowgdmw x; Gobzqddo
LEOHYP YIS FMOHIMEOOO) :
x; =5, (T2 Rj—6)+x (3.3)
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y39ws doegdmeo dgdmbggzomo Moabzo RofigMowo odbs dglodsdol
1390gddo 50 3609369crmdom domo dgdamdo asdmyqbgdols dobboom (gBomo
13o0ol  d9dmbggzomo  ®oEbzgdol  Momgbmds  Gmos  3mbGSIGHMOM
509bMdOLs 930l doemgzsb iggdsdo).

3503930 0fo®mdmgds §930L IM53900L y39ws 99M1)09d0LIM30L
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03900l dguMH)egdolsl begdms 9990090 3565393 JO0L goBMaZs:

- dM530L ©9bol 033l LoEOY i ,9;
- d653%B9g dsd30L 083mELob Loowg u ,3 ;
- d6530L ©9bol 083l boba®dwogmds ti, §J ;
- Jd6530L ds5d30L 03379 Lol bobyMdwogzmds tu, {)0;
39bsfogdsms HoEgbmdMm030 FobslosmMgdWgdol godmmgzes bgdms

3990930 BMOIM9doL Jobg3z0m:
- L8O 8603369 MdS

1
n—1

x= E?:ixing (34)
bogs3, M; - Moisbgo , x; 998mbggzomo 86033b69wmdols LoooLs; n- BogMorm
6o3bzo X d90mbggzomo 3609369 modol LooOoLY; LETMSEM 335MGWO
PRGN ORR

T
_ |1
S:r _1‘|n_1

2oy (x;— %) - (3.5)

d00qdmo 8600369wmdgdo £ s 5,  godm3zego 99dmbzg3000
360083690 md900Lsm30L Imyzs60os 3bGo (3.1)-o.
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6b®ocro 3.1. & @s S, dbod369¢mm8980 859ca33¢m99em0 90083930000 boo®y-
JB0Us030b hi930b gem99dmdMs3980L dgbisbsdol dggt0r9890 By

49960 F(i) F(t) F(u) F(tu)
o [ 5,0 nw? | %, 5., nw?® | %, 5.3 nw? |, 5,90 nw?
fo | o 3 5o
d 69 |88 |0,309 0,040,026 |0,159 | 164 | 142 | 0,249 | 0,05 | 0,029 | 0,191
3 141 | 126 | 0,231 | 0,03 | 0,025 | 0,164 | 800 | 689 | 0,183 | 0,03 | 0,040 | 0,181

BEAOGOLAHO3MO0 obsfiogdol s3MMJlodozool Jglisadwrgdermdol Fgdm-

3905 BgbG)E9dmo 0465 Lozl 3HoEIGOwdoL nw® [20].
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12-53

+ 30 [Fs
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F
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(3.6)

LoddWs3mOL 3M0GHYM0TgdoL  edmmzeromo 360dzbgemdgdo  dobbo-
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9609369@mdsby  nw® = 0,347-%Bg  Bs3egdos.

509356500,

399m33 o
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3960mbom 3500 MO gdoL dglodergdemdols gliobgd.

F(x) = = f(x)dx,

flx) =

Sy

L ex
= 2XP

=]

(3.7)
(3.8)

d9dbgz930m0 LoWOEYgdOL FoJuBodoEs Tgbodergdgero 360d3bgerm-

0900,

MOmAwado3  2oMLbol  396mboll  Jobgzom 96056 2obshowgdmaro,

50909bo 56056 Mo 3.1-sb s dmyz560wbo 606 bMHow 3.2-o.

3990m3es 0fsMdmMgds 89900930 BMOIMEoL dobggzom:

X

imax

= %,+35,,

(3.9)

sb®ogero 3.2. wgbols 083-yerligbols, ds830bs s dsomo bsbgmdenozmb80l

Asgliodsereytrso dgbsdergdgemo boowggbo

3996090900 d90mbgz930m0 LoOYHd0

1,9 ti, {0 u, 3 tu, 0
ad 335 0,158 591 0,117
3 543 0,164 2901 0,147
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OMameE 3bOow 3.2-sb BBl ©gbol 0d3liol mwoqlo d60d369-
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s, =2(0,150 — 0,050) = 0,0166 it

390092500 903009 3bOHowo 3.3 s 3bOHOWO 3.4.

6b®o¢ero 3.3. T s 5, 3603369¢m8980 35002330¢m9:9¢m0 J980283930000
boo9980bs030b [930b 9¢m99d 0653900l dgbsbsdols dggto1g898Bg

3996, F(i) F(t:) F(u) F(tw)

Ty | Seo | mw® | X,60 | S0 | nw® | Xg | Syg | nw® | 150 | S50 | new?
d 42 | 56 0,267 | 0,019 | 0,015 | 0,119 | 180 | 128 | 0,246 | 0,02 | 0,017 | 0,118
3 141 | 124 | 0,205 | 0,021 | 0,014 | 0,151 | 932 | 657 | 0,171 | 0,02 | 0,014 | 0,151
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1,9 ti, {0 u, 3 tu, 0
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2. ©9bol 083bms bobaMdwo3mdgdo dgmeg 350056@T0 36dE03Wws©
2-x96 9993060bab.

3. 359306 03319wlms BOOWYJOO 3615dBHOZMWIP YEILILO IMRLYP,
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